at the University of New Mexico, Albuquerque, New Mexico. Submitted August 14, 2007; accepted February 26, 2008. Address correspondence to Deborah Helitzer, ScD, Family and Community Medicine, University of New Mexico, MSC 09-5040, Albuquerque, NM 87131. E-mail: helitzer@salud.unm pitalization have been documented. [1] [2] [3] Evidence demonstrates that patients with lower health literacy incur higher health care costs, 1,4 and health literacy has been linked to lower use of preventive services such as Pap tests, mammograms, and dental care. 5, 6 The Institute of Medicine and Healthy People 2010 define health literacy as the "degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions." 7 Functional health literacy requires complex, multidimensional skills, including reading, writing, listening, numeric literacy, oral and visual communication, and decision-making abilities. It also calls for an understanding of health topics (such as cervical cancer) and the ability to navigate health systems. 8, 9 Written health education materials and forms, which the health system
Introduction
Research continues to reveal the association between literacy and health. Literacy is defined as "using printed and written information to function in society, to achieve one's goals, and to develop one's knowledge and potential." 1 Relationships between literacy levels and heart disease, physical health, and rates of hos-most often relies on to convey information and treatment procedures, place certain "demands" on their users or readers. These demands compel health consumers to use their functional health literacy skills to read (at different levels), interpret, comprehend, analyze, and apply the information they gain from these written materials. These demands may be substantial if materials are written at a high reading level, if text and format are too dense, or if concepts are ambiguous and nonmotivating.
Thus, health literacy is not a one-sided issue, limited to the capacity or capabilities of the patient/client. Indeed, the health system itself places complex demands on health consumers. These demands include requiring people to self-manage their health care, read difficult texts, and understand their health rights, as well as obliging them to find their way (navigate) in confusing clinic/hospital settings with technical medical signs or without conveniently placed or easy to read maps. 10 
National Literacy Assessments
In 2003, the National Assessment of Adult Literacy (NAAL) was conducted in the United States with more than 19,000 adults. The NAAL included a separate literacy component intended to measure adults' ability to use literacy skills to read and understand health-related information. The results indicated that most (53%) adults had intermediate health literacy, and 12% scored in the proficient range. The remaining 36% of US adults had basic (22%) and below basic (14%) literacy on health-related items in the NAAL. Those performing in the two lowest literacy levels were more likely to be poor, be elderly, have a disability, or be a member of a minority group, such as those for whom English is a second language. The individuals from these groups are generally those who are identified as most at risk for health problems and health disparities.
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Mismatch Between Health Literacy Function and Demand
People with poorer abilities to read or understand written materials face specific barriers in attempting to understand health issues, prevent disease, or access health services or insurance. Researchers have described the serious "mismatch" that occurs between the "the literacy levels of the intended audience and the materials that have been created for that audience." 12 Most patient education materials and health system forms -including cancer-related materials -are written at an unacceptably high reading level. [13] [14] [15] To further assess whether a mismatch exists between "average" user skills and commonly available materials, we developed a tool to examine the literacy demands of health information materials such as newspaper and magazine articles, health education brochures, insurance forms, and test result notifications.
Many instruments (such as Fry, 16 SMOG, 17 and FleschKincaid 18 ) have been developed to examine readability, but few examine constructs of format (organization, layout, structure and/or programming type), tone (mood created by writing style), accuracy of content, or use of terms such as medical phrases.
Cervical Cancer Prevention Focus
Cervical cancer was diagnosed in more than 11,000 women in 2008 in the United States, and approximately 3,870 women died of the disease.
19 Routine provision of Pap testing has resulted in a significant drop in cervical cancer mortality over the past 50 years, and in the last 20 years, the putative cause of cervical cancer, the human papillomavirus (HPV), was discovered. 20 In June 2006, a vaccine has been licensed that is 100% efficacious against two strains of HPV, 16 and 18 , that are found in 70% of cervical cancer cases. 21 The excitement over the release of the vaccine and continued emphasis and clarification on Pap testing recommendations have led to the development and dissemination of a plethora of publications including newspaper and magazine articles, health education brochures, and revised insurance and health system forms. We took the opportunity of this renewed attention to cervical cancer prevention to examine a sample of materials from the vast array of cervical cancer prevention publications that are now commonly available to the public.
Methods
One instrument that has often been cited as comprehensive and useful for materials review is the Suitability Assessment of Materials (SAM) by Doak et al. 22 "Validation [of the SAM] was conducted with 172 health care providers from several cultures. The cultures included Southeast Asians, Native Americans, and African Americans…" among others. 22 Given the relative strengths of the SAM, we set out to use it as an assessment tool. However, we soon recognized that important concepts were not addressed in the SAM, such as numeric literacy factors, persuasive techniques, behavioral theory, and communication assessment. Numeric literacy factors include whether numerals are present in a form other than fractions, percentages or probabilities, whether percentages (other than 100%) are minimally used, whether words like "same as, more/less than" are used to help the reader determine the meaning of numbers (eg, "…types of HPV cause more than 90% of cervical cancers"), and whether frequencies are used instead of probabilities (eg, "3 out of 10,000" vs ".0003"). Persuasive techniques include the use of purposive repetition, testimonials, and audience-relevant values or symbols. Communication and behavioral theory elements include whether the text clearly stated the benefits of taking a particular action (other than the traditional "because it's good for you"), described ways to overcome barriers to changing behaviors, presented content or messages in an unusual or novel manner to attract attention (such as comic book format), 23 or presented information using a gain or loss frame. 24 We also found it inefficient to use the original SAM scoring sheet because it was separate from the SAM evaluation criteria. Coders had to use two information forms, constantly referring back to the description of scoring criteria for each variable, then finding their place again on the scoring sheet to fill in the appropriate rating. Placing the scoring criteria on the same form as the scoring sheet made the coding process less time-consuming.
The team determined to use the SAM as a framework, but they incorporated scoring criteria and explanations into one comprehensive form, added missing components, and clarified and added examples to basic SAM variables. This allowed for better evaluation of necessary features found in written materials, beyond those contributing to readability and basic suitability, that contribute to barriers in understanding and using text.
Instrument Design
Following the process developed by Chatterji 25 for designing or selecting an assessment tool, the research team first determined that the population to be studied would be a variety of commonly available, text-based materials (newspaper/magazine articles, brochures, health system forms) about cervical cancer prevention. The constructs to be examined were readability, comprehensibility, and use of relevant communication and behavioral theory in message design. The two purposes of the instrument were to evaluate text-based materials on variables related to each construct and to identify constructs that could be improved to reduce the demands materials place on low-literacy users. Write the questions that you want to ask doctor.
Look at two pictures -one of normal cervix, one of dysplasia) and select the one you think is healthy.
Stories can be short paragraph told in person's words/experience.
Category
Variable 19: Reader Interaction
Score
Same scoring as in SAM
Explanation: When the patient responds to the instruction -that is, does something to reply to a problem or question -chemical changes take place in the brain that enhance retention in long-term memory. Readers/viewers should be asked to solve problems, to make choices, to demonstrate, etc.
Superior: Problems or questions presented for reader response.
Adequate: Question-and-answer format used to discuss problems and solutions (passive interaction).
Not Suitable:
No interactive learning stimulation provided. The SAM was modified as follows: (1) the assessment criteria and scoring sheet were combined into one form, (2) variables that address comprehensibility (factors making written material more understandable), numeric literacy (knowledge and skills needed to apply arithmetic operations using numbers found in printed material), theoretical and message design factors (eg, using positive role models to demonstrate appropriate behaviors, or loss-framed messages to promote Pap screening) were added, and (3) instrument objectivity and instrument reliability were improved through quantification of scoring criteria. Fig 1 provides an example of one such adaptation. To more completely assess comprehensibility demands, criteria were added to evaluate communication factors such as attention-getting features, message tone and framing, use of persuasive appeals, inclusiveness and relevancy, and numeric literacy (simple numeric presentation and calculation). The final instrument included six categories of variables (content, literacy demand, numeric literacy, graphics, layout/typography, and learning stimulation/motivation) and was named the SAM + CAM (Suitability and Comprehensibility Assessment of Materials), reflecting its ability to assess both the suitability and added compre- 
Category Operational Definition
Content (actual subject matter) is better understood if the text provides clues to help readers (1) easily grasp the intended goal or purpose of the material, (2) find a synopsis/re-telling of key points covered, (3) find information to help them practice behaviors that may solve their problem, and (4) trust the accuracy and reliability of information they are being given. (1) presenting content in unusual ways to gain attention, (2) addressing cultural differences and beliefs, (3) using techniques such as solving problems or answering questions in order to actively engage the reader in the content, (4) applying proven theoretically based learning concepts such as the use of models to demonstrate positive behaviors, (5) framing messages to promote self-efficacy, and (6) using certain persuasive techniques such as familiar values in message design. hensibility aspects of materials. Fig 2 provides a list of these six categories and their operational definitions.
Literacy Demand
Validation
Several different activities were implemented to undertake reliability and validity assessment of the tool, including content validation, inter-rater reliability (IRR), and empirical validation. Empirical validation was undertaken by using the new tool to assess available health promotion and health education materials. To generate the sample of materials to be analyzed, the team utilized a lexicon presented by Rudd et al 1 that distinguishes among five health-related activity areas in which people take part and for which they need to access information. These five areas include health promotion (maintain one's health), health protection (learn about products or practices to preserve one's health), disease prevention (understand prevention and screening measures), health care and maintenance (seek health care, comply with treatment regimens) and systems navigation (how to access health services, understanding one's rights). For the sample, we selected a variety of commonly available materials relevant to each area; newspaper and magazine articles, brochures, book chapters, and even product advertisements, for example, provide health promotion, health protection and disease prevention information, while insurance application forms, informed consents, and medicine labels exemplify health care and maintenance and systems navigation materials. Web-based materials were selected if their format could be clearly read when printed and if they did not contain hypertext.
To help in developing assessment specifications and to implement content validation for the SAM + CAM, the team conferred with experts in health literacy. These expert reviewers were provided with versions of the new instrument, and their input and feedback with regard to format, content, and indicators were integrated into the final version of the SAM + CAM used.
Inter-rater Reliability IRR was assessed using the Cohen's kappa (κ) statistic, as it is a conservative statistic that corrects for agreement that may occur by chance among raters.
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Strength of agreement using the Cohen's κ ranges from "poor, slight, fair, moderate, substantial, to almost perfect." Substantial agreement (κ score between .61 and .80) was chosen as the lowest acceptable range for the raters to achieve for all SAM + CAM variables.
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Empirical Validation: Materials Review To implement empirical validation, we collected a sample of 69 prevention-related written materials that focused on cervical cancer. As the purpose was to validate the SAM + CAM tool, we purposely chose materials that ranged from apparent low to high levels of complexity.
The sample included 26 health education brochures, nine Web-based fact sheets, five magazine articles, two advertisements, eight health system forms, and seven chapters from books found in a local library. Because more recent information on HPV and the vaccine was found in the news, through a LexisNexis ® (Reed Elsevier Inc, New York, New York) search, we also selected eight newspaper articles and four newspaper op-ed pieces. The Fry formula 16 was used to test the readability level of the materials as it was the method recommended for use with the SAM.
Three raters, all with Masters' level training in health education, used the new instrument to assess each text in terms of individual variables relevant to each of six SAM + CAM categories. The categories included (1) content (purpose, summary/review, desired reader behavior, credibility), (2) literacy demand (writing style, vocabulary helpers, confusion reduction, context, scope/ length), (3) numeracy (numeric presentation, calculation), (4) graphics (table/graph/illustration clarity), (5) layout/typography (organization, typography and font, subheadings/organizers), and (6) learning stimulation/ motivation (motivators to attend to text, inclusion, reader interaction factors, theoretical application, tone, and persuasion techniques). The raters scored each variable as "superior," "adequate," or "not suitable," added these scores to give each category a ranking, then averaged the category scores to provide an overall rating for the material. This overall rating, still in the context of superior, adequate,or not suitable, became the gauge of the level of health literacy demand the materials place on a user. Thus, a "superior" material placed less demand on readers, in that the material was easier to use and understand and was more relevant, attention-getting, and motivational than other texts. Data from the assessments were entered into an SPSS database (SPSS Statistics V13, SPSS Inc, Chicago, Illinois), and frequency statistics were run.
Results
Content Validation
The research team made revisions to the SAM + CAM based on the input and feedback of experts. In particular, Doak et al, 22 authors of the original SAM, approved the amplification of the scoring and explanation of the criteria as well as the structuring of them on the same sheet for easier use. They corrected certain guidelines -for example, pointing to research showing that "cartoons" can be highly effective in reader comprehension and recall -and the team also agreed with their assessment that the "using theory" variable was too complicated to score, given its current configuration.
Our expert reviewers recommended that the team replace semantic categories (a lot, some, none) with objective criteria (eg, 3 or more, 1-2, none). Reviewers also encouraged us to consider whether terminology used in the text was difficult for a reader to interpret or whether it reflected or incorporated consumer health vocabulary. 28 Finally, they encouraged us to consider as part of our assessment of "suitability" and "comprehensibility" whether the information provided in the materials was factually correct.
Inter-rater Reliability
After each reviewer completed independent analysis of the first sample set of materials using the SAM + CAM, a κ statistic was calculated for each of the 22 variables, for each category of variables, and as an overall average for total score, using SAS (Statistical Analysis System 9.1.2, 2006, SAS Institute Inc, Cary, North Carolina). In the first review, an acceptable IRR for rater pair 1-2 was achieved on 14 of the 22 SAM + CAM variables and on four of the six SAM + CAM categories, providing an overall low "substantial" IRR (κ = .67). To improve IRR, the researchers examined the instrument for particular weaknesses, such as whether certain variables were clear in terms of rating instruction and quantification of criteria. Adjustments were made to the SAM + CAM to clarify guidelines and make rating criteria more specific. The raters and researchers continued an iterative process of rating materials, discussing differences in how the SAM + CAM criteria were interpreted, and then adjusting criteria to provide precision in scoring.
Based on the results of the inter-rater agreement analysis, IRR was established based on one-third of the study sample using the SAM + CAM. IRR was calculated for each of the 22 variables, for each category of variables (category-specific), and as an overall average. In the final independent rating by two raters, the variablespecific IRR was "substantial" to "almost perfect" for 19 of the 22 variables on the instrument (κ = .61 to 1.0). The category-specific IRR was "substantial" to "almost perfect" across all six categories on the SAM + CAM (κ = .79 to 1.0). Finally, the overall average IRR on the SAM + CAM was "substantial" (κ = .77). Just three variables, desired reader behavior (κ = .53), writing style (κ = .58), and context (κ = .59), were those for which only "moderate" IRR was achieved by the raters.
Materials Review
Readability of all the materials ranged from grade 2 to 17+, with the mean, median, and mode reading level of materials at grade 11. SAM + CAM results indicate that 14 (20%) of the materials were rated as "superior," 47 (68%) were "adequate," and 8 (12%) were "not suitable." Health education brochures and Web-based health fact sheets, which are often designed for the general public and used for health promotion and protection as well as disease prevention purposes/ activities, ranked in the superior category more often than other types of informational material. Because the materials sampled are developed for different audiences and purposes (or health activity areas), Table 1 provides a list of the health activity areas for which each particular text material is appropriate.
Sub-Analysis of Health Education Brochures
Of particular interest is the analysis of print health education materials as a group in itself since these are, in general, designed to promote patient compliance or aid readers to take preventive steps to avoid HPV infection and cervical cancer. Although the mean reading level of these materials was at 8th grade, approximately 46% of these materials were written at a 10th grade or higher level -much higher than that of the average reader in the United States. The only health education material to be written at the 2nd grade level was done in comic book format. As shown in Table 1 , in terms of the complete SAM + CAM analysis, 96% of the health education brochures scored in the adequate or above range, thus placing a lower level of demand on users than any other material type reviewed. Only one health education material was rated "not suitable," 65% were scored as "adequate," and 31% were "superior." Approximately 70% to 80% of the health education materials ranked "superior" in the literacy demand, numeracy, and layout/typography categories, while categorical analysis indicates that "not suitable" scores were given to 23% of the materials for content, 27% for graphics, and 35% for learning stimulation. Although these educational brochures were, overall, superior to other health information materials in credibility of information and in multiculturality, as well as more positive in message tone, they also tended to score "not suitable" in providing summaries or reviews of key messages or points (helpful in retaining learning), in using behavioral or communication theory constructs shown to enhance learning or decision-making, and in making materials more "reader interactive."
Discussion
Similar to findings of Brandt et al, 29 this evaluation of selected cervical cancer prevention-related materials found that most are written at too high a readability level for those with low literacy skills. Of interest, since newspapers are generally said to be written at a 5th-to 8th-grade level, this study found the newspaper articles sampled to be written between 11th-and 16th-grade levels. While much research has shown that readability and suitability levels of written educational materials need to be improved, more than half of the cervical cancer prevention brochures reviewed were written at levels too difficult for most consumers. While use of some less commonly used medical terminology does contribute to decreased readability, many of the materials, especially health system forms, as well as book chapters and newspaper articles, made little use of plain language or made attempts to explain complex concepts in simpler terms.
On a positive note, analysis of the SAM + CAM data did indicate that 68% of all materials and 65% of patient education brochures scored in the "adequate" range for suitability and comprehensibility for readers with low literacy skills. However, less than 31% of patient education brochures and only 20% of all materials scored achieved an overall "superior" ranking. Approximately 70% of the materials reviewed were classified as informational (straightforward presentation of facts and data) in nature vs only 14% defined as educational (in addition to facts, these provided some motivational or instructional content to assist in positive health decision-making). The materials reviewed rarely provided a clear statement of purpose or a summary of key points covered -techniques that greatly assist comprehension for those with low literacy skills. Common problems with illustrations included anatomical drawings not placed in the context of the entire body, too many images on a page, several of which were irrelevant to the text content, and few that included a label or legend explaining the picture or figure.
Learning Stimulators
Motivators to read or attend to the text -eg, unusual or catchy titles and interactive techniques to involve readers in their learning, such as using stories or short quizzes and asking readers to jot down questions to ask a health care provider (which can also build selfefficacy) -were relatively absent. None of the materials showed the application of behavior change theory in its entirety. Research has shown that there are challenges in applying health behavior theory, but health education materials would be more effective if they had theoretical constructs to guide their development.
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* Percentages are based on number of materials to which each category is applied. For example, only 38 of all materials reviewed contained graphics. Thus, the percentage shown is based on the denominator of 38 rather than on the total of 69 materials reviewed. Communication research indicates the value of some simple persuasion techniques such as use of testimonials, repetition, symbols, or cultural values, yet reviewers found little evidence of these being used in the materials, including health education brochures. Cultural appropriateness -as well as general inclusivenesswas rare, except in those materials specifically aimed at particular groups, such as African or Native Americans. These findings indicate that even those health information materials that received an overall ranking of "adequate" or "superior" still need improvement in many areas to diminish the demands they place on users with low literacy skills, especially if their purpose is to promote cervical cancer and HPV prevention. Assessing materials with the SAM + CAM provides not just an overall "suitability" score in terms of how demanding the material is to a user with low literacy skills. By examining the category and individual variable scores, developers can gain specific information on those areas that need improvement. For example, as seen in Table 2 , most of the cervical cancer prevention materials scored as "adequate" to "superior" for content, literacy demand, numeracy, and layout/ typography. On the other hand, only 10 materials out of the total sample of 69 used techniques to stimulate learning on the part of the reader/user, and 54% of these materials were considered "not suitable" in helping to stimulate learning. The learning stimulation category includes such factors as presenting content in an unusual way to gain attention, making attempts to address cultural beliefs or being inclusive of particular audiences, or using stories, quizzes, or contrasting visuals to get readers to interact with the text to better retain learning and promote decision-making. In addition, 29% of the materials were scored poorly on content factors such as stating the purpose of the text in advance, summarizing or repeating key messages, promoting self-efficacy, and demonstrating how to overcome barriers (for example, getting Pap tests).
Limitations
This study had several limitations. The sample of materials reviewed was small, but it was representative of cervical cancer prevention-related educational materials currently available at the time of the review and also commonly used, text-based sources of health information (newspapers, magazines, the Internet, health care forms). While the materials reviewed were similar in number to those analyzed in other evaluations of educational materials, this study did not focus solely on specific health education materials, such as brochures. Given this, the actual numbers of materials in certain categories, such as newspaper articles (n = 8) and magazine articles (n = 5), were quite small. The number of educational brochures (n = 26) did correspond to that evaluated in other studies, so this group of materials was analyzed separately.
Future research with this instrument, especially in using it to rate other sets of diverse health materials, will include improvements to some of the newly developed SAM + CAM categories and their variables. The theoretical application variable, for example, is currently too broad in nature; key behavioral or communication theoretical concepts should be identified and examples of how they can be applied in text message design provided for efficient scoring. Most materials also scored fairly high on the numeric literacy variable, primarily because few numbers, percentages, or proportions were used, and there were few explicit or implicit requirements for readers to make calculations, such as estimating their personal risk of being infected with HPV. The criteria for assessing the numeric literacy of materials would benefit from further clarification.
In this study, a substantive IRR was established between experienced raters. While the research team believes that the SAM + CAM will be a useful public health literacy instrument, it is important to assess IRR with less experienced users, such as those in community-based programs who need tools to help them develop or select materials that place a low level of health literacy demand on their audiences.
Practical Implications
The findings from this study indicate that many of the cervical cancer informational materials available to the public, especially people with low literacy abilities, place great demands on their users that make it difficult for them to understand the text. The particular utility of the SAM + CAM is that its individual variable analyses can provide material developers with specific predesign guidance and ongoing feedback when creating written materials. Since the SAM + CAM has been used successfully in assessing a variety of text formats (Web fact sheets, book chapters, health insurance forms) in addition to educational brochures, the instrument can be employed either by individuals or in training groups to (1) review or learn key factors essential to writing and designing materials for audiences with low literacy skills to enhance understanding, retention, and application of the information, and/or (2) pre-test materials to determine whether and how well those factors are being included in the final product.
For example, to enhance comprehensibility by being more "inclusive," text can gain a higher rating by (1) using plain language common and relevant to a broad audience, (2) using visuals that show a variety of genders, ethnicities, ages, disabilities, etc, in a positive manner, and (3) addressing cultural beliefs, logic, and experience when appropriate. If text being developed does not meet the superior level of SAM + CAM guidelines, it can be improved by revising or addressing inadequate areas. SAM + CAM-based training can help health educators and material designers recognize the disconnect between health literacy demands of materials currently produced and the skills of most readers to comprehend materials. The theoretical basis of many of the SAM + CAM concepts should also be useful to health educators to enhance their training in message design. This tool offers those producing or selecting health education materials a simple yet effective means of identifying specific strengths and shortcomingsthe health literacy demands -of written materials related to the suitability, comprehensibility, and utility for their selected audiences.
Conclusions
Most previous studies assessing the "health literacy" or "literacy" demand of written materials have relied on readability formulas alone. Relying on reading level standards alone causes researchers and material designers to miss critical elements in "health literacy" assessments. In particular, this study indicates that although print materials may be moving up to the "adequate" level in such technical areas as layout, typography, format, and use of plain language and active sentences, they are weak in terms of applying message design and communication techniques shown to be effective in promoting positive decision-making and motivating behavior change. The SAM + CAM provides a useful tool to evaluate a variety of other suitability, comprehensibility, and communication factors, all of which are necessary in determining if health literacy demands are appropriate to the user audience.
